Clinical patterns and the epidemiology of pediatric dry eyes have been investigated less than those of adult dry eyes. The descriptions of symptoms among pediatric patients are unclear and children tend to be less cooperative during tests than adults, making accurate diagnosis diffi cult. Moreover, the prevalence is lower in children than in adults, there are limitations in diagnosis, and physicians may overlook symptoms.
INTRODUCTIONPATIENTS AND METHODS
Pediatric patients aged 6 to 15 years who visited the ophthalmology department of our hospital who complained of dry eyes were included in this study. After modifying the Delphi classifi cations, the presence or absence of symptoms including itching, photophobia, foreign body sensation, and burning sensation were assessed because the Ocular Surface Disease Index, a test for assessing dry eyes in adults, includes activities not applicable to children. The child's medical history was also examined. We excluded children taking medications.
To measure tear fi lm break-up time, a fl uorescent test strip was placed on the conjunctival sac; the patients were then asked to blink their eyes several times. Then, the time elapsed until defi ciency of fl uorescent pigment staining occurred in the form of a black dot, hole, or line in the stained tear fi lm was assessed using a slit lamp as a cobalt blue light source.
For Schirmer's test, 5 minutes after anesthetic eye drops were instilled, a standardized Schirmer's test strip (Color Bar; EagleVision, Memphis, TN) was placed on the lateral one-third portion of the lower eyelid for 5 minutes. Then the length of the wet area of the test strip was marked in millimeters. To detect allergic conjunctivitis, the conjunctival papilla observed in the slit-lamp examination was considered positive, and cases with corneal epitheliopathy attributable to eyelid abnormality or eyelash rolling and blepharitis were excluded. We included patients with conjunctival papilla and one or more symptoms, including the itching sensation.
For patients diagnosed as having allergic conjunctivitis, a skin prick test for 51 types of allergens was performed. The skin prick test was performed using commercially available patch tests; histamine patches were used to determine positivity and physiological saline patches were used to determine negativity. To assess allergic skin reactions, the Bencard skin prick test (Bencard Co., Brentford, UK) was performed. Based on the Morrow Brown Grading System, a skin reaction identical to the histamine control value was graded 3+; a skin reaction two or more times higher than the histamine control value was graded 4+; a skin reaction corresponding to 50% of histamine control value was graded 2+; and a skin reaction corresponding to 25% or less than the histamine control value was graded 1+. When no reaction occurred in response to the negative control and the diameter of the weal was 3 mm or more, or when the grade of the reaction was 3+ or more, the test was considered positive.
Data analysis was performed using SPSS version 18.0 software (SPSS, Inc., Chicago, IL). Independent t tests were performed to identify correlations between Schirmer's test and tear fi lm break-up time according to the presence or absence of accompanying allergic conjunctivitis. For correlations between the Schirmer's test and tear fi lm break-up time according to the skin prick test positivity rate, Kruskal-Wallis tests were performed. P values less than .05 were considered statistically signifi cant.
Informed consent was confi rmed by the Institutional Review Board (IRB Number: C2012029).
RESULTS
The male-to-female ratio was 25:25 in the allergic conjunctivitis group (50 patients [100 eyes]) and 19:31 in the group without allergic conjunctivitis (50 patients [100 eyes]). The mean ages of the two groups were 9.30 ± 2.00 and 8.68 ± 2.21 years, respectively, and were not signifi cantly different.
The survey showed that the number of symptoms was signifi cantly higher in patients with allergic conjunctivitis (1.42 ± 0.67) than in patients without allergic conjunctivitis (1.24 ± 0.55) (P = .04). Tear fi lm break-up time and Schirmer's test values were signifi cantly lower in patients with allergic conjunctivitis than in patients without allergic conjunctivitis (P < .05) ( Table 1) .
In the group with accompanying allergic conjunctivitis, 44% of patients tested negative for all 51 types of allergens, 46% tested positive for one type of allergen, and 10% tested positive for two or more allergen types based on the skin prick test. House dust mite sensitivity resulted in the highest positivity rate, with 87% of the patients in the group with allergic conjunctivitis being positive (combined European and American mites). When patients were grouped based on the allergens to which they tested positive and tear fi lm break-up time and Schirmer's test value were compared, the tear fi lm break-up time was signifi cantly shorter when the positivity rate was higher (P < .05), although there were no correlations between the Schirmer's test value and positivity rate for allergens (P = .31).
DISCUSSION
Causes of pediatric dry eye include congenital anomalies of the lacrimal organ, autoimmune dis-eases (Sjögren syndrome, juvenile rheumatoid arthritis), skin diseases (injection, epidermolysis bullosa), endocrine diseases (pediatric diabetes mellitus, pediatric thyroid disease), nutritional problems (undernutrition, vegetarian diet), and drugs (betablockers and anticonvulsants).
The severity of dry eyes varies from mild to severe, and may progress to corneal limbal defi ciency in the worst cases.
2 Thus, when systemic disease is present, the case is sometimes initially referred to the pediatrics department and an in-depth work-up is performed when patients are referred to the ophthalmology department. However, when systemic disease is not present, dry eye syndrome in children is likely to be overlooked.
The underlying mechanism of dry eyes is lacrimal pathology, although ophthalmologic conditions such as allergic conjunctivitis are known to be closely related. Patients with allergic conjunctivitis complain of itch, hyperemia, and tears. Allergic conjunctivitis, one of the most common eye allergy diseases, is a type I hypersensitivity reaction in which allergens such as house dust mite, pollen, and pet hairs are dissolved in the tears and react with IgE attached to mast cells of the conjunctiva.
Dry eyes and allergic conjunctivitis have similar symptoms and often occur together, leading to confusion in diagnosis. The correlations between and incidence of dry eyes and allergic conjunctivitis have been studied, but mostly in adults. Thus, this study was performed to better evaluate the conditions in pediatric patients.
According to the Uchino et al. 3 study of 3,443 high school students aged 15 to 18 years in Japan, a large-scale epidemiological study on the use of contact lenses and the prevalence of dry eyes, 4.3% of male students and 8.0% of female students were diagnosed as having clinical dry eyes and 21.0% of male students and 24.4% of female students complained of serious dry eye symptoms. These prevalence rates were not low compared to the prevalence of dry eyes in adults (14.4% to 33%). [4] [5] [6] [7] In a study of 105 male middle school students aged 13 to 15 years without ocular disease in which tear fi lm break-up time was analyzed in relation to the duration of computer use and Schirmer's test was performed, Park and Yi reported that increased computer-related work, watching television, and smartphone use is expected to increase the incidence of pediatric dry eyes. 8 In a survey performed by Ahn et al. 9 on allergic rhinoconjunctivitis, atopic skin disease, and asthma in children aged 6 to 7 and 13 to 14 years according to the International Study of Asthma and Allergies in Childhood (ISAAC) to estimate the prevalence of allergic disease, the prevalence rates of allergic conjunctivitis and atopic skin disease drastically increased during those 10 years. The prevalence rate of allergic rhinoconjunctivitis in the participating countries of the ISAAC was 8.5% in children aged 6 to 7 years and 14.6% in children aged 13 to 14 years. 10 Given that the prevalence rate is 18.9% in children aged 6 to 7 years and 19.2% in children aged 13 to 14 years in South Korea, the prevalence rate in South Korean children aged 6 to 7 years is the third highest following Taiwan (21.8%) and Venezuela (20.4%). The prevalence rate in South Korean children aged 13 to 14 years corresponds to the upper one-third of countries when prevalence rates of countries participating in the ISAAC were ranked by the average scores of phases I and II.
In Ahn et al.'s survey, 9 allergic conjunctivitis was not independently investigated; instead participants were asked "Have you ever experienced nasal symptoms such as sneezing, nasal discharge, or nasal congestion along with itchy eyes and tears in the past 12 months?" If the answer was "yes," the symptom was defi ned as allergic rhinoconjunctivitis. Because this defi nition is different from our defi nition of allergic conjunctivitis, it is not feasible to directly apply the statistics of the survey to our studies. However, it is believed that the results of the survey refl ect the fact that allergic conjunctivitis has drastically increased in the past 10 years. Our study was limited by selection bias because it was performed only on pediatric patients who visited our hospital and it does not refl ect prevalence rates in the general pediatric population. However, given that tear fi lm break-up time in children with allergic conjunctivitis was signifi cantly shorter (6.40 ± 1.72 s) than in children without allergic conjunctivitis (8.01 ± 1.90 s) (P < .05), the prevalence of pediatric dry eyes is expected to increase at the same rate as allergic conjunctivitis in children.
As shown in the results of the Delphi investigation, the average number of items answered was two or less. This indicates that the patients had limitations in expressing their symptoms because of their youth. Thus, criteria for the assessment of symptoms that are appropriate for pediatric patients should be established to enable more accurate diagnosis of pediatric dry eyes.
Schirmer's test values varied signifi cantly depending on the presence or absence of allergic conjunctivitis (P < .05), whereas signifi cant differences associated with the results of the skin prick test were not detected (P = .31). For the Schirmer's test, patients may have had foreign body sensation even after the instillation of anesthesia. Pediatric patients had diffi culty maintaining the test strip for 5 minutes and blinked their eyes more often than adults did.
In our study, cases in which the Schirmer's test failed or the patients' cooperation was poor were excluded. Although tear fi lm break-up time and Schirmer's test are commonly performed for the study of dry eyes in adults, other diagnostic methods are required for the study of dry eyes in children.
Tear fi lm break-up time was shorter and the number of symptoms related to dry eyes was higher in pediatric patients with allergic conjunctivitis than in those without allergic conjunctivitis. In addition, in pediatric patients with allergic conjunctivitis, the higher the number of allergens to which the patient tested positive on the skin prick test, the shorter the tear fi lm break-up time. This indicates that ophthalmic symptoms caused by dry eyes may be more common in patients with allergic conjunctivitis than in those without allergic conjunctivitis. Thus, for pediatric patients with allergic conjunctivitis, active treatment is required for dry eyes and avoidance therapy is important. In addition, further studies on the prevalence rates of dry eyes and allergic conjunctivitis in the general pediatric population are needed.
